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Abstract
In adults, albuminuria represents a risk factor for cardiovascular disease and is associated with hypertension and obesity. Pediatric 
data from the general population are inconsistent and largely based on randomly collected urine. A possible association between 
antenatal programming and albuminuria at school age has still to be investigated. The purpose of this study is to assess albuminuria 
in first morning void urine samples in a population-based pediatric cohort and to investigate cross-sectionally the association with 
factors related to cardiovascular risk. Moreover, we investigate the possible association of antenatal factors with albuminuria. A 
first morning void urine sample was collected in the population-based GECKO (Groningen Expert Center for Kids with Obesity) 
Drenthe cohort at the age of 12 years. We investigated cross-sectionally associations between albuminuria and body mass index 
(BMI), waist circumference (WC), blood pressure (BP) and antenatal factors. The prevalence of UACR​ (urinary albumin-creatinine 
ratio) ≥ 3 mg/mmol was 3.3% (95%CI 2.3–4.2). In a multivariate linear regression model, UAC was negatively associated with 
z-BMI (β-0.08, p = 0.013) and positively with z-systolic BP (β 0.09, p = 0.006), model significance p = 0.002. UACR​ was negatively 
associated with z-BMI (β − 0.13, p < 0.001) and positively with z-diastolic BP (β 0.09, p = 0.003), model significance p = 0.001. 
Albuminuria was not significantly associated with antenatal factors such as gestational age and standardized birth weight.

Conclusions: Albuminuria in first morning void urine in 12-year-olds has a lower prevalence than previously reported 
by randomly collected samples. A negative association between albuminuria and BMI is confirmed. A positive association 
with blood pressure, but no association with antenatal factors was found.

What is known:
• While, in adults, albuminuria is a recognized risk factor for cardiovascular disease and is associated with hypertension and obesity, 

pediatric data are inconsistent and largely based on randomly collected urine.
• A possible association between antenatal programming and albuminuria at school age has still to be investigated.
What is new:
• In this population study on first morning void urine samples from 12-year-olds of the general population, albuminuria is negatively 

associated with body mass index, and positively associated with blood pressure, while there is no association with antenatal factors.
• The prevalence of albuminuria at 12 years is lower than previously reported in studies based on randomly collected urine samples, probably 

due to elimination of orthostatic proteinuria.
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Abbreviations
BMI 	� Body mass index
BP 	� Blood pressure
CI	� Confidence interval
GECKO 	� Groningen Expert Center for Kids with 

Obesity
SD 	� Standard deviation
std BW	� Standardized birth weight
UAC	� Urinary albumin concentration
UACR​	� Urinary albumin-creatinine ratio
UCC 	� Urinary creatinine concentration
WC 	� Waist circumference

Introduction

Increased albuminuria is a well-known risk factor for the 
development of renal and cardiovascular disease in the adult 
population [1–7]. In the past decades, there has also been 
increasing evidence that albuminuria is associated with hyper-
tension, obesity, and metabolic syndrome in adults [8–13].

In children, longitudinal data are lacking, and even the 
question whether albuminuria in children from the general 
population associates with the same markers for cardiovas-
cular risk as in adults is still unanswered. In fact, the few 
epidemiological studies have been conducted on randomly 
collected urine, which can lead to an overestimation of albu-
minuria because of the high prevalence of orthostatic pro-
teinuria in children [14–18]. In addition, data regarding the 
relationship between albuminuria and obesity in children are 
inconsistent [14, 16, 17, 19–21].

Little is also known about predisposing factors for albu-
minuria in children from the general population. Because 
many chronic diseases find their origin in the antenatal 
period, it has been hypothesized that also albuminuria could 
be determined by antenatal programming. Nevertheless, no 
association was found between antenatal or perinatal factors 
and albuminuria in toddlers, possibly because the children 
were still too young to express a renal phenotype of antenatal 
programming [22, 23].

The goal of this study was, therefore, to assess albuminu-
ria in first morning void urine samples in a population-based 
cohort of 12-year-old children and to investigate cross-section-
ally the association with factors related to cardiovascular risk, 
such as body mass index (BMI), waist circumference (WC), 
and blood pressure (BP). Moreover, we aimed to investigate 
the possible association of antenatal factors with albuminuria.

Materials and methods

Study population

This study was embedded in the Groningen Expert Center 
for Kids with Obesity (GECKO) Drenthe cohort, a popu-
lation-based birth cohort with a focus on risk factors for 
childhood overweight. Detailed study design has been pre-
viously described and the cohort is registered at www.​birth​
cohor​ts.​net [24]. Briefly, all children born between April 
2006 and April 2007 in the northern Dutch province of 
Drenthe could be included. Information on the pregnancy 
was obtained by questionnaires administered to the mothers 
in the third trimester of pregnancy. Information included 
maternal BMI before pregnancy, maternal smoking during 
pregnancy, and maternal education level. Data on deliv-
ery were recorded at birth, including gestational age, birth 
weight, placenta weight, maternal, and paternal age at 
delivery. Birth weight was standardized (std BW) for sex 
and gestational age using reference values from the 2019 
updated Dutch Perinatal Registration (https://​www.​perin​ed.​
nl) [25]. Anthropometric measurements were performed by 
specifically trained nurses of the municipal health services 
at the regular health control visits, taking place from birth 
up to the age of 10 years.

Anthropometry and blood pressure at 10 years

At the 10-year control visit, height, weight, and waist cir-
cumference were measured. BMI (kg/m2) was calculated 
by dividing weight by height squared. BMI and WC were 
transformed into age- and sex-specific standardized z-scores, 
by using the Dutch Growth Analyser software (Growth Ana-
lyser, version 3.5, population data from 1997 as reference; 
Dutch Growth Research Foundation, Rotterdam, The Neth-
erlands; available at https://​www.​growt​hanal​yser.​org) [26].

The 10-year health control visit was complemented by 
three consecutive measurements of arterial BP, performed 
by specifically trained pediatric nurses with an automated 
device (M3, Omron Healthcare Co, Japan) and appropri-
ate cuff size. The BP was measured at the brachial artery, 
after 5 min of rest in sitting position. The mean of the three 
systolic and diastolic BP measurements was calculated and 
standardized for sex, age, and height using LMS (lambda-
mu-sigma) box Cox transformations, using reference values 
from the 4th Report of the National High Blood Pressure 
Education Program (NHBPEP) [27].

http://www.birthcohorts.net
http://www.birthcohorts.net
https://www.perined.nl
https://www.perined.nl
https://www.growthanalyser.org
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Urine collection and analysis

For the present study, we aimed to collect a first morn-
ing void urine sample from all children still actively par-
ticipating in the GECKO Drenthe birth cohort at the age 
of 12 years. Between April 2018 and May 2019, parents 
received at home a kit with a plastic vial, an informed con-
sent, and a collection form (for annotation of date and time 
of collection, as well as possible symptoms or previously 
diagnosed kidney diseases). Children were asked to collect 
a first morning void urine sample on a day that they had no 
symptoms (in particular, no fever, respiratory viral symp-
toms, or dysuria).

Directly upon urine delivery at the hospital, a urine 
dipstick was performed to rule out urinary tract infections 
and hematuria. Thereafter, urinary albumin concentration 
(UAC) was measured by immunoturbidimetric assay, with 
a lower limit of detection of 3.0 mg/L, and urinary creati-
nine concentration (UCC) by enzymatic assay, with a lower 
limit of detection of 0.1 mmol/L (both by Cobas® 8000 
c502 analyzer, Roche Diagnostics, Germany). Urinary 
albumin-creatinine ratio (UACR​) was calculated by dividing 
UAC by UCC and expressed as mg of albumin per mmol of 
creatinine. Albuminuria was defined as UAC > 20 mg/l and 
UACR​ ≥ 3 mg/mmol creatinine [28, 29].

The following exclusion criteria were applied: urine 
samples not collected as first morning void; urine samples 
collected more than 7 days before arrival at the hospital 
(because of uncertainty about stability of urine albumin at 
room temperature after a longer period of time); urine sam-
ples positive for hematuria on dipstick; children with sus-
pected viral or urinary tract infections; incomplete informed 
consent form.

Written informed consent was obtained from both par-
ents. Children who had already turned 12 at the time of 
urine collection also provided informed consent themselves, 
according to Dutch legislation. The study was approved by 
the Medical Ethics Committee of the University Medical 
Center Groningen, in accordance to the declaration of Hel-
sinki of 1975, as revised in 1983.

Statistical analysis

We reported characteristics of the study population as mean 
(standard deviation) or median (25th–75th percentile), as 
appropriate. The Mann–Whitney U test was used to test dif-
ferences in UAC, UACR​, and UCC between girls and boys. A 
possible relationship between UAC or UACR​ and standard-
ized z-scores for BMI, WC, BP, between UAC or UACR​ and 
antenatal factors and between antenatal factors and standard-
ized z-scores for BMI, WC, and BP was analyzed by uni-
variate linear regression analysis. Candidate variables with a 
p-value < 0.10 in univariate analysis were selected for use in 
multivariate linear regression analysis with backward elimina-
tion. UAC and UACR​ were log-transformed to account for their 
markedly right skewed distribution. A p-value < 0.05 was con-
sidered to be statistically significant. Data were analyzed using 
SPSS Statistics®, version 28.0 (IBM Corporation, Armonk, 
NY, USA).

Results

Population characteristics

Of the 2299 children still actively participating in the 
GECKO Drenthe cohort at the time of the 10-year follow-up, 

Fig. 1   Flowchart of inclusion
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1311 (57.0%) collected a first morning void urine sample 
at the age of 12 years (Fig. 1). The characteristics of the 
study population are shown in Table 1. Characteristics of 
the children who collected urine at 12 years as compared to 
the children who ever actively participated in the cohort but 
did not collect urine are shown in Supplementary Table S1. 
For the 1311 children who collected urine at 12 years of 
age, BMI was available for 1177 children, WC for 1026, 
and systolic and diastolic BP for 1110. As to the antenatal 
characteristics, information on gestational age at birth was 
present for 1295 children, birth weight for 1298, placenta 
weight for 870, maternal age at birth for 1309, paternal age 
at birth for 1254, maternal BMI before pregnancy for 1276, 
smoking during pregnancy for 1307, and data on maternal 
education for 1290. For all 1311 children with a urine collec-
tion, both UAC and UACR​ were available for analyses.

The prevalence of albuminuria based on UAC ≥ 20 mg/L 
was 7.9% (95% CI 6.4–9.4). The prevalence of albuminuria 
based on UACR​ ≥ 3 mg/mmol creatinine was 3.3% (95% CI 
2.3–4.2). Median UAC and UACR​ were 4.5 mg/L (25th–75th 
percentile: 3.0–8.7 mg/L; 95th percentile: 29.3 mg/L) and 
0.4 mg/mmol (25th–75th percentile: 0.3–0.6 mg/mmol; 95th 
percentile: 2.0 mg/mmol), respectively. Both UAC and UACR​ 
were higher in girls than in boys (p = 0.02 for UAC; p < 0.001 
for UACR​), while UCC did not differ significantly between 
sexes (p = 0.10; Supplementary Table S2). The distribution 
of UACR​ is shown in Fig. 2.

Association of urinary albumin with cardiovascular 
risk factors

We tested the hypothesis that urinary albumin at the age of 
12 years is associated with factors related to increased cardio-
vascular risk (Table 2). In the multivariate linear regression 
model, UAC was negatively associated with z-BMI (β − 0.08, 
p = 0.013) and positively with z-systolic BP (β 0.09, p = 0.006), 
with a significance of the model of p = 0.002. UACR​ was nega-
tively associated with z-BMI (β − 0.13, p < 0.001) and posi-
tively with z-diastolic BP (β 0.09, p = 0.003), with a signifi-
cance of the model of p = 0.001.

Association of urinary albumin with antenatal 
characteristics

We investigated the possible association of antenatal charac-
teristics with urinary albumin at the age of 12 years (Table 3). 
Male sex was negatively associated with both UAC and UACR​ 
(β − 0.16, p < 0.001; β − 0.19, p < 0.001, respectively). All other 
investigated variables were not associated with UAC nor UACR​.

We also analyzed the possible association of antenatal fac-
tors on parameters related to cardiovascular risk. A positive 

Table 1   Characteristics of the study population

Values for continuous variables are reported as mean (standard devia-
tion) or median (25th–75th percentiles), as appropriate; values for 
categorical variables as number (percentage). Reported age is age at 
time of urine collection. Anthropometric measurements have been 
performed at the 10-year follow-up visit
BMI (body mass index) available for 1177 children, WC (waist cir-
cumference) for 1026, SBP (systolic blood pressure), and DBP (dias-
tolic blood pressure) for 1110. Information on gestational age at birth 
present for 1295 children, birth weight for 1298, placenta weight for 
870, maternal age at birth for 1309, paternal age at birth for 1254, 
maternal BMI before pregnancy for 1276, smoking during pregnancy 
for 1307, and data on maternal education for 1290. All urinary vari-
ables available for 1311 children
UAC urinary albumin concentration (a 3 mg/L is the lower limit of detec-
tion), UCC urinary creatinine concentration, UACR​ urinary albumin-to-
creatinine ratio. Conversion factor for UACR​ mg/mmol: 0.113 mg/g
b  Std birth weight: birth weight standardized for sex and gestational 
age using reference values from the Dutch Perinatal Registration 
(https://​www.​perin​ed.​nl)

Children with
12-year urine (n = 1311)

Age at urine collection, years (25th–75th 
perc)

Male sex, n (%)
Height, cm (SD)

11.8 (11.6–12.1)
674 (51.4)
147.8 (6.8)

Urinary measurements
    UAC, mg/L (25th–75th perc) 4.5 (3.0a–8.7)
    UAC ≥ 20 mg/L, n (%) 103 (7.9)
    UCC, mmol/L (25th–75th perc) 12.7 (9.5–16.2)
    UACR​, mg/mmol (25th–75th perc) 0.4 (0.3–0.6)
    UACR​ ≥ 3 mg/mmol, n (%) 43 (3.3)

Cardiovascular risk factors
    BMI, kg/m2 (25th–75th perc)
    z-BMI (SD)

17.1 (15.9–18.8)
0.18 (1.0)

    WC, cm (25th–75th perc)
    z-WC (SD)

61.8 (58.7–66.5)
0.32 (1.0)

    SBP, mmHg (SD)
    z-SBP (SD)
    DBP, mmHg (SD)
    z-DBP (SD)

107.7 (9.5)
0.28 (0.9)
63.4 (7.1)
0.11 (0.6)

Antenatal characteristics
    Gestational age, weeks (25th–75th 

perc)
40.0 (39.0–40.8)

    Birth weight, g (SD)
    Std birth weight b

3568 (559)
1.03 (0.1)

    Placenta weight at birth, g (SD) 657 (152)
    Maternal age at birth, years (SD) 31.9 (4.1)
    Paternal age at birth, years (SD) 34.5 (4.8)
    Maternal BMI before pregnancy, kg/

m2 (25th–75th perc)
23.8 (21.5–26.6)

    Maternal smoking during pregnancy, 
n (%)

134 (10.3)

    Maternal education level: high, n (%)
                                        middle, n (%)
                                        low, n (%)

536 (41.5)
463 (35.9)
291 (22.6)

https://www.perined.nl
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association was found between standardized birth weight, 
maternal BMI before pregnancy, and smoking during preg-
nancy on one side and both child’s z-BMI and z-WC on the 
other. A negative association was found between placenta 
weight and z-systolic BP and between male sex and z-diastolic 
BP (Supplementary Table S3).

Discussion

In this population-based study, we investigated albumi-
nuria in 12-year-olds from the general population and 
analyzed cross-sectionally if there were associations with 
cardiovascular risk factors and antenatal factors.

Fig. 2   Distribution curve 
of UACR​ (urinary albumin-
creatinine ratio) in the GECKO 
Drenthe cohort at 12 years

Table 2   Association of albuminuria with cardiovascular risk factors

Univariate and multivariate linear regression of log UAC (the logarithm of urinary albumin concentration) and log UACR​ (the logarithm of uri-
nary albumin-creatinine ratio) on z-scores of body mass index (BMI), waist circumference (WC), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), CI confidence interval
* Statistically significant. Candidate variables with a p-value < 0.10 in univariate analysis were selected for use in the multivariate analysis

Log UAC Log UACR​

Univariate linear regression model

R2 Std β (95% CI) p-value R2 Std β (95% CI) p-value

z-BMI 0.009  − 0.10 (− 0.19 to − 0.05) < 0.001* 0.020 − 0.14 (− 0.28 to − 0.12) < 0.001*
z-WC 0.005  − 0.07 (− 0.16 to − 0.01) 0.021* 0.011 − 0.10 (− 0.23 to − 0.06) < 0.001*
z-SBP 0.006 0.08 (0.02–0.15) 0.008* 0.006 0.08 (0.02–0.17) 0.010*
z-DBP 0.003 0.05 (− 0.00 to 0.09) 0.069 0.020 − 0.14 (− 0.28 to − 0.12) < 0.001*

Multivariate linear regression with backward elimination

Sth β (95% CI) p-value Sth β (95% CI) p-value

z-BMI  − 0.08 (0.12 to − 0.01) 0.013* − 0.13 (− 0.14 to − 0.05) < 0.001*
z-SBP 0.09 (0.02–0.14) 0.006*
z-DBP 0.09 (0.04–0.17) 0.003*

F(2, 1003) = 6.51, adjusted 
R2 = 0.011

0.002* F(2, 1003) = 12.4, adjusted R2 = 0.022 0.001*
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The novel contribution of this study is that albuminuria 
was determined in first morning void urine samples and 
not in randomly collected samples, in an age group known 
to have a high prevalence of orthostatic proteinuria.

Our data show that 12-year-old children have a wide 
range of albuminuria, as previously reported in toddlers 
from the same cohort and adults from the general adult 
population of the same geographical region [23]. General 
population cohorts with children in the same age range 
but from different geographical regions have previously 
also reported great variability in albuminuria but a higher 
prevalence of albuminuria, ranging between 8.9 and 
15.1% [14–17]. This discrepancy can be at least partially 
explained by differences in protocols for urine collection, 
as the cited studies determined albuminuria in randomly 
collected urine and the authors recognized this as an 
important limitation for the interpretation of their results 
[14–17]. The higher reliability of first morning void urines 
for the estimation of daily albumin excretion has already 
been described [30]. Nevertheless, it is important to stress 
that its value might be even greater in children than in 
adults, as orthostatic proteinuria occurs in up to a fourth of 
children aged 11–18 years [18]. We are aware of only two 
studies on first morning void urines performed in children 
in the same age range as our study. Both studies have, in 
our opinion, important limitations such as an exclusion 
criterion of a positive dipstick test for proteinuria and the 
use of sole urinary dipsticks to define albuminuria [31].

Our study confirms a higher level of albuminuria in girls 
than in boys, in analogy to what was seen at the age of 2 years 
in the same cohort, and to other pediatric cohorts [14–17, 23, 
32]. In the adult population, higher UACR​ levels in women 
than in men have been attributed to the lower muscle mass in 

women, leading to lower UCC and therefore to higher UACR​. 
This seems not to apply to 12-year-old children because dif-
ferences in UACR​ were driven by differences in UAC and not 
in UCC, as shown here and by others [15]. Some authors have 
speculated that an explanation for this difference between 
sexes could be a higher prevalence of orthostatic proteinuria 
in girls than in boys [16]. This hypothesis is, however, not 
confirmed by our data. The reason for a difference between 
sexes has still to be elucidated but might reflect physiological 
differences at pre-pubertal age. The alternative hypothesis of 
albuminuria as a marker for higher cardiovascular and renal 
risk in females than in males is not supported by adult data, 
showing a higher risk for men than for women [33].

When analyzing the association between albuminuria and 
cardiovascular risk factors, we found that albuminuria was 
negatively associated with BMI. This finding is puzzling, 
when taking into account the positive association between 
albuminuria, obesity, and kidney disease reported in adults 
[5, 8, 9, 34]. Although pediatric studies show conflicting 
results, a negative relationship has already been reported 
in other general population cohorts [14, 16, 17, 19, 21, 32, 
35]. Some authors have proposed orthostatic proteinuria as 
a possible confounder [14, 16]. Nevertheless, our data does 
not support this hypothesis. A possible explanation for the 
negative relationship between albuminuria and overweight 
could be a higher physical activity in children with a low 
BMI, as albuminuria can be caused by intense physical 
activity. Because we did not ask children to refrain from 
intense physical activity on the day prior to urine collection, 
our study cannot exclude this confounder.

The positive association between albuminuria and blood 
pressure in our study is in line with previously published 
data in adults from the general population and seems to 

Table 3   Association of antenatal factors with albuminuria

Univariate linear regression of antenatal factors on log UAC (the logarithm of urinary albumin concentration) and log UACR​ (the logarithm of 
urinary albumin-creatinine ratio), Std birth weight birth weight standardized for sex and gestational age using reference values from the 2019 
updated Dutch Perinatal Registration (https://​www.​perin​ed.​nl). BMI body mass index, CI confidence interval. 
* Statistically significant

Log UAC Log UACR​

Univariate linear regression model

R2 Std β (95% CI) p-value R2 Std β (95% CI) p-value

Sex, male 0.010 − 0.16 (− 0.25 to − 0.07) < 0.001* 0.019 − 0.19 (− 0.27 to 10.02) < 0.001*
Gestational age, weeks 0.001 0.01 (− 0.01 to 0.04) 0.351 0.001 0.01 (− 0.01 to 0.04) 0.264
Std birth weight 0.000 0.01 (− 0.25 to 0.43) 0.598 0.001 0.03 (− 0.15 to 0.44) 0.342
Placenta weight at birth, g 0.000 0.00 (0.00–0.00) 0.675 0.000 0.00 (0.00–0.00) 0.691
Maternal BMI before pregnancy, kg/m2 0.001 0.00 (0.00–0.00) 0.322 0.000 0.01 (− 0.01 to 0.01) 0.709
Maternal age at birth, years 0.002 − 0.01 (− 0.02 to 0.00) 0.132 0.001 − 0.01 (− 0.02 to 0.00) 0.181
Paternal age at birth, years 0.001 0.01 (− 0.01 to 0.02) 0.188 0.000 0.00 (− 0.01 to 0.01) 0.607
Smoking during pregnancy (yes vs. no) 0.000 0.00 (− 0.14 to 0.15) 0.943 0.000 − 0.04 (− 0.17 to 0.09) 0.518
Maternal education level (low/middle vs. high) 0.001 0.028 (− 0.04 to 0.14) 0.309 0.002 0.04 (− 0.01 to 0.14) 0.105

https://www.perined.nl
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confirm the role of albuminuria as a cardiovascular risk 
marker also in children [5–7, 13].

Antenatal factors were also investigated as possible risk 
factors for albuminuria. No association was found. Our 
findings confirm the previous reported lack of association 
between birth weight and UACR​ in Chinese school-aged chil-
dren and add value to it because in our study children with 
proteinuria were not excluded [32]. However, it is impor-
tant to mention that a negative association has been previ-
ously described for very low birth weight children [36]. Our 
interpretation is that such an association could be true for 
premature and low birth weight children solely, but not for 
the general population, at least at a medium-term follow-up.

The data from our cohort also allowed to explore antena-
tal factors that could be of influence on cardiovascular risk. 
This hypothesis was generated on the basis of the Barker’s 
hypothesis and the increasing recognition that the develop-
ment of chronic diseases begins at a young age, probably 
even in the antenatal period [22]. Smoking during pregnancy 
was not associated with blood pressure, in analogy to the 
findings at the age of 5–6 years, and there was no association 
between maternal BMI before pregnancy or standardized 
birth weight and child’s blood pressure, in contrast with pre-
vious published data [37]. The association between higher 
birth weight and obesity has been described before [38]. In 
contrast to other studies, gestational age did not show a pre-
dictive value for blood pressure or obesity [39, 40]. Possibly 
this is due to a low number of small-for-gestational-age and 
premature children in our cohort.

The association of maternal BMI before pregnancy with 
higher BMI in children could be both interpreted as a con-
stitutional or an environmental risk. Nevertheless, the posi-
tive association of smoking during pregnancy with child’s 
BMI suggests an environmental risk, with slimmer and non-
smoking mothers having a healthier lifestyle that reflects on 
the offspring. Because environmental factors are modifiable, 
these data support the need to implement prevention poli-
cies, starting already from the antenatal period.

The most relevant strength of this study is the evaluation 
of albuminuria in first morning void urines. Other strengths 
of the study include a relatively large sample size, the exclu-
sion of children with concomitant infections (a factor known 
to cause transient albuminuria), the measurement of urinary 
albumin in fresh (not frozen) urine samples by a single cen-
tral laboratory, and the evaluation of albuminuria not only 
on the base of UAC but also of UACR​ (as the latter corrects 
for urine dilution).

Our study has some methodological limitations. Due to 
the cross-sectional analysis of albuminuria and cardiovas-
cular risk factors, it is not possible to establish causality or 
directionality of associations. Moreover, the lack of follow-
up data does not allow to determine a possible impact of 
albuminuria at the age of 12 on cardiovascular risk in young 

adulthood. In addition, only half of the 12-year-olds in the 
cohort collected a first morning void urine. The well-known 
problem of sample attrition in cohort studies has possibly 
led to selection bias, as children who collected urine had a 
slightly lower WC during follow-up, older mothers with a 
higher education and less smoking in pregnancy.

There are also specific limitations regarding urine col-
lection. The collection of a single urine sample can cause 
an overestimation of albuminuria, as a transient elevation of 
albumin excretion cannot be excluded. This can be due do 
different factors, including intense exercise and intercurrent 
infections. Although we attempted to limit this problem by 
instructing participants to collect urine early in the morning 
and not during infections, transient proteinuria could be an 
important confounder for our results.

In conclusion, albuminuria measured in a first morning 
void urine sample in 12-year-olds has a lower prevalence 
than previously reported in cohorts with randomly collected 
samples, probably due to elimination of orthostatic proteinu-
ria. A negative association between albuminuria and BMI 
is confirmed. Moreover, a positive association with blood 
pressure but no association with antenatal factors was found. 
Further research is needed to assess the consequences of 
albuminuria at school age on cardiovascular risk factors in 
young adulthood.
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